ABSTRACT Field male Aedes aegypti (L.) and Aedes albopictus (Skuse) adults caught from Þxed monitoring stations weekly for 1 yr were screened for dengue viruses (DEN-1, DEN-2, DEN-3, and DEN-4). The assay was carried out using a single-step reverse transcription (or transcriptase)-polymerase chain reaction (PCR) (RT-PCR) followed by a semi-nested PCR using an upstream consensus primer and four type-speciÞc primers within the nonstructural protein three gene (NS3) of dengue viruses. The diagnostic fragments for DEN-1, DEN-2, DEN-3, and DEN-4 serotypes were of sizes 169, 362, 265, and 426 bp, respectively. Results showed that in Singapore 1.33% and 2.15% of Aedes aegypti and Aedes albopictus adult male mosquitoes, respectively, were positive for dengue viruses. The serotypes detected in male Ae. aegypti was DEN-1 (44%), followed by DEN-2 (22.2%) and DEN-3 (22.2%), and DEN-4 (11.1%). For Aedes albopictus males, the serotype was DEN-4 (38.9%), followed by DEN-2 (33.3%), DEN-3 (16.7%), and DEN-1 (11.1%).
DENGUE FEVER IS a vector-borne disease of great public health importance in many tropical areas worldwide (Gubler 1998) . The four antigenically related serotypes (DEN-1, DEN-2, DEN-3, and DEN-4) of dengue virus (genus flavivirus, family Flaviviridae) cause considerable morbidity and, to a certain extent, signiÞcant mortality (Rigau-Perez et al. 1998) . In Singapore, the primary vector for dengue fever is Aedes aegypti (L.) and the secondary vector is Aedes albopictus Skuse.
Surveillance of mosquitoes infected with dengue viruses provides an early warning sign for risk of transmission in an area and the speciÞc predominant circulating serotype in the vector population (Lorono-Pino et al. 1999) . Control programs can then be prioritized and focused more effectively in speciÞc localities.
Despite tremendous research on the host-virus-vector interaction in dengue, it is still unresolved how the viruses persist in nature in the absence of viremic vertebrate hosts or under unfavorable environmental conditions for mosquito activity. Two of the most studied underlying modes of transmission for the persistence of arboviruses in nature are vertical transmission and venereal transmission (Rosen 1987a) . In vertical transmission, the virus is transmitted vertically from an infected female to her progeny, whereas in venereal transmission, an infected male transmits the virus to the female during copulation (Rosen 1987b) .
Most of the virological surveillance programs for dengue control focus on the female vectors because the females take blood meals whereas the males do not. However, the signiÞcance of the infected males in dengue transmission must not be underestimated. Despite the low probability for vertical transmission in mosquitoes, the Þlial minimum infection rates of dengue virus in males and females, which emerged from vertically infected eggs, were equal (Mitchell and Miller 1990) . The observation was obtained from studies whereby the female parents were intrathoracically inoculated with the virus suspension and their progeny were reared and assayed for virus. It has been shown that out of a total of 3,525 newly emerged adults from eggs laid by a DEN-1 infected maternal parent, 23 male and 29 female Aedes albopictus progeny were positive for the virus (Bosio et al. 1992) . In an earlier experiment, transovarian transmission of all four dengue serotypes occurred in both male and female Aedes albopictus when the female parents were infected by intrathoracic inoculation (Rosen et al. 1983 ).
To date, there has been no report on the dengue infection rates of adult male Aedes aegypti and Aedes albopictus caught directly from the Þeld. The current study reports the detection of dengue virus in single insect using a sensitive reverse transcription (or transcriptase)-polymerase chain reaction (RT-PCR) for Þeld-caught males of Aedes aegypti and Aedes albopictus, and the predominant serotypes found in these mosquitoes.
Materials and Methods
Semi-Nested RT-PCR. Six oligonucleotide primers within the nonstructural three (NS3) genes of dengue viruses were used in the assay. Two common ßavivirus consensus primers were employed in both the RT step and the Þrst round of the PCR. For the second round of the PCR, the upstream consensus primer DV1 was used together with four internal type-speciÞc primers (DSP 1 to DSP4). The diagnostic sizes of the PCR products are 169, 362, 265, and 426 bp, corresponding to DEN-1, DEN-2, DEN-3, and DEN-4, respectively. The identities of these products were determined by agarose gel eletrophoresis and staining with ethidium bromide.
Field-Collected Adult Male Aedes Mosquitoes. Adult Aedes mosquitoes were caught weekly from September 1997 to August 1998 at Þve indoor and six outdoor stations. These stations were located in dengue-sensitive areas with a high incidence of DF/DHF and Aedes population density. For each visit to an indoor station, Aedes mosquitoes were caught from 10 houses by one staff member using a battery-operated, back-packed aspirator spending 10 Ð15 min in each house. For each outdoor visit, Aedes mosquitoes were caught by one staff member using himself as the bait for 1 h. Mosquito specimens were delivered to the laboratory within the same day for identiÞcation. Dead mosquitoes were discarded. Live mosquitoes were identiÞed, sorted by sex, and stored at Ϫ85ЊC until tested.
The head of each male mosquito was excised and homogenized in a sterile glass homogenizer. RNA in the sample was extracted with the silica-based method (Chungue et al. 1993) , and the products were electrophorized in alternate lanes of agrarose gels. Gel slices corresponding to the 470-bp target size were removed and DNA was eluted by freezing, thawing, and centrifugation in Costar tubes (Cambridge, MA). The eluates were then subjected to the semi-nested PCR with upstream consensus primer and the four dengue type-speciÞc primers. Semi-nested PCR product bands of sizes corresponding to one or more of the type-speciÞc target fragments were excised and the DNA was eluted. The eluted DNA was subjected to a further PCR with four separate primer pairs, i.e., consensus primer DV1 with each of the four type-speciÞc primers to conÞrm unequivocally the dengue virus serotype. Every batch of assays of mosquitoes was accompanied by a no-DNA negative control sample, and stringent precautions were taken to avoid carryover contamination.
Virus Infection Rate (VIR). The VIR was calculated as (number of mosquitoes by species infected with dengue virus Ϭ total number of that species tested) ϫ 100.
Sequencing. Dengue virus extracted from mosquito samples and human patients was sequenced by the cycle-sequencing dye terminator method. The nucleic acid sequences of the respective serotypes were aligned against each other by CLUSTAL W (1.8) (Figs. 1Ð 4) .
Results
Over a period of 12 mo, a total of 1,437 Þeld-caught male Aedes mosquitoes was screened (Table 1) . For Aedes aegypti, the serotypes detected were DEN-1 (44%), followed by DEN-2 (22.2%) and DEN-3 (22.2%), and DEN-4 (11.1%). However, in Aedes albopictus, the serotypes isolated were DEN-4 (38.9%), followed by DEN-2 (33.3%), DEN-3 (16.7%), and DEN-1 (11.1%).
Analyses of the DNA sequences indicate that DEN-1 shows some disparity among the different DEN-1 samples (both humans and mosquitoes). The Multiple alignment of DEN-1 using Clustal W (1.8). *, Conserved nucleotide; Ð, gap inserted for optimum alignment. A111U1, B171bU1, and BN175eU1 were isolated from mosquitoes. H3322U1, H4024U1, and H2272U1 were isolated from human patient. similarity score obtained from the pairwise comparison of nucleic acid of the samples ranged between 87 and 99%. Alignment of DEN-2 revealed that the different samples were 89 Ð97% similar. However, DEN-3 and DEN-4 showed a higher level of similarity between the different samples with a pairwise similarity score of 94 Ð99% and 95Ð99%, respectively.
Discussion
Previous studies (Freier and Rosen 1988 , Rosen 1988 , Mitchell and Miller 1990 , Bosio et al. 1992 , Chen et al. 1993 , Lee et al. 1997 ) on transovarial transmission of dengue viruses by Aedes vectors were carried out by intrathoracic inoculation of virus suspension into females. Progeny, both male and female, derived from eggs laid by these infected females were reared and assayed in pools for virus. It has also been reported that female mosquitoes infected by vertical transmission were in turn a more efÞcient vertical transmitter of dengue than those that were infected by inoculation (Shroyer 1990) .
Our study on the Þeld-caught male mosquitoes, assayed singly for dengue, showed that the adult males of both Aedes aegypti and Aedes albopictus are capable Fig. 2 . Multiple alignment of DEN-2 using Clustal W (1.8). *, Conserved nucleotide. A127eU2, B7eU2, B16aU2 sequences isolated from mosquitoes. H2858U2, H3266U2 isolated from human patient. Fig. 3 . Multiple alignment of DEN-3 using Clustal W (1.8). *, Conserved nucleotide. A1188aU3, B172bU3 and B125fU3 were isolated from mosquitoes. H2410U3 was isolated from human patient. of being infected with dengue viruses in the natural environment. Although the infection rates were relatively low at 1.33 and 2.16% for Aedes aegypti and Aedes albopictus, respectively, the rate for Aedes albopictus were higher than Aedes aegypti. If the mechanism of infection in these infected males were vertical transmission from infected maternal parents and the sex ratio for infection in the offspring was equal (Mitchell and Miller 1990) , it is likely that a similar proportion of females in the Þeld were also infected via the same vertical transmission, without the need for the presence of infected hosts. Also, through venereal transmission mechanism (Tu et al. 1998) , the infected males could pass the virus to the females during mating, and the latter in turn could pass it down to their offspring vertically.
From this study, the predominant serotypes detected in Aedes aegypti were DEN-1(44%) followed by DEN-2 (22.2%) and DEN-3 (22.2%). In Aedes albopictus, the two most prevalent serotypes were DEN-4 (38.9%) and DEN-2 (33.3%). This difference in serotype predominance found in the two species is an interesting observation and may indicate the maintenance of different serotypes in different hosts preferred by each mosquito species.
Alignment of the nucleic acid sequences obtained from our samples revealed that identical amino acids substitution occurred among the viruses of the same serotype. The existence of co-circulating variants of dengue virus seems to be a common occurrence in nature. This phenomenon was described by a number of researchers (Lanciotti et al. 1994 (Lanciotti et al. , 1997 Chungue et al. 1995; Rico-Hesse et al. 1998 ) who observed variations among dengue viruses in geographically distinct areas as well as within speciÞc geographical region. The two main reasons quoted to explain this situation were spontaneous mutation of the virus and the introduction of new strains from neighboring countries. From our results, we are tempted to postulate that the situation in Singapore is not dissimilar to the Þndings of research undertaken in this domain thus far. It should be interesting then to study the time taken for new variants to appear and replace existing strains. An understanding of the movement of the different dengue strains within a region and the epidemiological impact it might have would be useful information to Singapore, which is located within a wellestablished dengue-endemic region.
